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A Reanalysis of Boas’s Hebrew Immigrant Data: Comparisons of Foreign-born and US-
born Children Living in early 20th Century America 
 
Chairperson:  Ashley H. McKeown, PhD  
 
  This research paper uses data observed on Hebrew immigrant populations collected by 
the anthropologist Franz Boas and coworkers between 1909 and 1910.  Boas was asked 
by the United States Immigration Commission to write a report that examined how the 
influx of European immigrants into the United States might affect the morphology of the 
American population.  Seeing this as a chance to undermine racial typologies, Boas took 
many measurements of immigrants and their children and concluded that observed 
changes between foreign-born and US-born children were a result of the move into a new 
environment.  Recent research has demonstrated that the Hebrew population exhibits 
greater differences between foreign-born and US-born children than any other immigrant 
group (Gravlee et al., 2003a; Sparks and Jantz, 2002), but the Hebrew population was not 
isolated for further analysis.  Using independent samples t-tests and analysis of 
covariance, this study uses anthropometric data observed on Jewish immigrants and their 
children in New York City to compare measurements for head shape and stature between 
foreign-born and US-born children between the ages of four and eighteen.  Noticing that 
head shape became narrower and longer through time and stature increased slightly, these 
changes are explored in light of the environment experienced by Jewish populations in 
Europe and America.   
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CHAPTER I 
INTRODUCTION 
In 1911, a report by the anthropologist Franz Boas investigating how the influx of 
immigrants was going change or influence the current American population was 
published by the United States Immigration Commission.  Boas used this as a chance to 
undermine racial typologies by trying to prove that environment had the ability to change 
human morphology when individuals moved into a new environment (Boas, 1911).  To 
do this, Boas chose eight groups of immigrants, Bohemian, Slovak and Hungarian, 
Polish, Hebrew, Sicilian, Neapolitan, Italian, and Scotch, and with a team of observers 
went to schools across New York City to take measurements of the children of these 
immigrants.  These measurements included head length, head width, face width, cephalic 
index, facial index, stature, weight, general physiological development, hair color, eye 
color, and skin color.  Boas compared the bodily dimensions between children born in 
Europe and children born in the US to determine if there was a difference between them.  
Based on apparent differences in mean measurements between the two groups, Boas 
concluded that the environment has the ability to change human morphology. 
There was a lot of controversy regarding Boas’s research, and in 1928 he 
published his raw data so that other researchers could use his immigrant data in their own 
research.  Researchers have continued to use his data, and there have been reanalyses 
with modern statistical methods unavailable to Boas (Gravlee et al, 2003a; Sparks and 
Jantz, 2002; Wallis, 1941).  While the two major studies, Gravlee et al. (2003a) and 
Sparks and Jantz (2002), did not completely agree in their conclusions or on Boas’s, they 
did find some commonality and that was for the Hebrew population.  They both found 
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that the greatest difference between foreign-born and US-born individuals was within the 
Hebrew population, but they did not isolate that population in order to analyze it further.   
This prompted the current in-depth study of the Hebrew population comparing 
head, face, and stature measurements between foreign-born and US-born children 
between the ages of four and eighteen.  By comparing means of these measurements 
using independent samples t-tests and analysis of covariance (ANCOVA), this research 
evaluates differences between the two groups of children.  The null hypothesis is that the 
means for foreign-born and US-born children are equal, meaning the morphology of 
Jewish immigrants did not change with migration into a new environment.  The alternate 
hypothesis is that the means for both groups are not equal, meaning the morphology of 
Jewish immigrants did change with migration into a new environment.  The reasons for 
differences (or lack thereof) between foreign-born and US-born children need to be 
explored through a historical background and understanding of environmental and 
genetic differences or lack thereof.   
The historical background covers the life of Jewish immigrants from Eastern 
Europe, specifically Russia, Austria, Romania, Poland, Lithuania, and Galicia and their 
immigration to the United States.  During the late 1800s, life for Jews in Europe was 
difficult.  Jewish populations were isolated from other populations, where they were 
starved and many times brutally murdered.  Moving to the United States allowed them 
better opportunities for employment and supporting their families, as well as better 
sanitation and nutrition.  Life in the United States was not always easy, however, and 
many times children worked along side their parents in the factories.  The literature 
review discusses research that has focused on these aspects of immigrant life and 
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examines them to see how environment influences human morphology through nutrition, 
disease, and socioeconomic status.  All of these elements have been demonstrated to 
affect the bone structure of children.   
Exploring the effects of migration on an isolated population, this analysis has 
contributed to the debate between genetic versus environmental affects on human 
morphology.  Boas’s Hebrew population is an important one to analyze for its unique 
response to change in environment.  More populations should be similarly isolated for 
analysis in order to gain more insight into the differing ways that populations physically 
respond to new environments.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4 
 
CHAPTER II 
HISTORICAL BACKGROUND 
 
Isaac Walter Wolman was born in 1889 in a small city along the Russia-Poland 
border (Betty Kress, personal communication).  He lived there with his parents (Edis and 
Benson Wolman), two brothers, and three sisters until the age of 13 when he left for 
America for the first time.  Isaac worked as a peddler with a horse and buggy, going from 
farm to farm selling his wares.  Sometimes the farmers would pay him with food, but 
since he kept kosher he would only eat raw eggs and bread.  After saving up some 
money, Isaac returned to his home in Europe, and at the age of 18 went back to America 
with his brother Reven.  Working in produce for some time, they eventually ended up 
owning a furniture store in Newark, Ohio.  The two brothers saved enough money to 
bring the rest of their family to America to save them from the pogroms, and all but one 
brother and one sister made the voyage.   
Rachel Goda was born in 1896 in Manchester, England (Betty Kress, personal 
communication).  Her father, Abraham Goda, was a Russian cabinet maker and her 
mother, Emma Greene, was Romanian. Their eldest son, Sam, had already been born 
when they made their move to England, and once there they had Rachel, Fred, Emanuel 
(Manny), and Anne.  The Godas initially moved to England to escape the pogroms in 
Eastern Europe, but they decided that there were more opportunities available to them in 
America.  In 1907, they moved to America, traveling through Pennsylvania to Cleveland, 
Ohio where they had two more children, Becky and Morris.  Rachel Goda and Isaac 
Wolman met each other in Ohio, and Isaac sent Rachel many love letters that are still in 
the Wolman family today.   They were married on June 27, 1915.   
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While these individuals are not included in Franz Boas’s study published in 1911, 
the story of these two people is a small example of how and why Jews from Eastern 
Europe came to America in the early 20th century.  For his report published in 1911, 
Franz Boas observed anthropometrics on Jewish immigrants from Russia, Austria, 
Romania, Galicia, Poland, and Lithuania with some individuals from Western Europe.  
Boas and coworkers observed head length, head width, face width, cephalic index, facial 
index, stature, weight, general physiological development, hair color, eye color, and skin 
color to determine if the morphology of immigrants changed with the move into a new 
environment.  In order to understand any observed changes, one must examine the two 
environments that the immigrants lived in. 
 
Life in Eastern Europe 
Life in Eastern Europe was difficult for Jews, but strong religious conviction 
motivated and encouraged them through times of oppression.  In the mid-1800s, Nicholas 
I created a program that was supposed to do three things for Jews living in Russia 
(Dimont, 1978).  One was to reduce the number of Jews by converting them to 
Christianity; the second was to educate the Jews so that they would not be strangers in the 
Russian population; and the third was to teach them about agriculture and handicrafts so 
that they would no longer be saloon-keepers and peddlers.  After 1860, during the reign 
of Alexander II, industrialization in the larger cities forced the Jews out of their 
traditional jobs and to face increasing poverty (Diner, 1999).  The small upper class was 
able to increase their wealth as they became manufacturers, bankers, entrepreneurs and 
wholesale merchants (Elbogen, 1944).  Nevertheless, as many Jews did not have proper 
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training or tools, their occupations shifted from trade and labor force to consumer goods 
craftsmen (Kuznets, 1998).  They had their role in the economy as “traders, peddlers, 
[and] middlemen between the upper classes and the vast majority of peasants” (Diner, 
1999, p. 53).  Legally, Jews were restricted from jobs in the factories, but they were also 
restricted by their religious beliefs.  Not only did they not like the idea of working in a 
large factory, they would not work on the Saturday Sabbath when many factories were 
open.  This meant that they would only work for Jewish companies, and these were hard 
to find (Elbogen, 1944).   
Laws for Jews at this time were very contradictory (Dimont, 1978).  Jews were 
not allowed to self-govern themselves, but they were not given citizenship.  They were 
told to work in agriculture, but they could not afford the land, nor did they have the 
proper resources.  The government wanted them to mix in with Russian society, but they 
were being pushed into ghettos and shtetls.  The shtetls consisted of small, rundown 
houses occupied by thousands of people living in extreme poverty, and many times they 
were located next to areas occupied by peasants (Yaffe, 1968).  Since the ghettos were 
located in large cities, the Jews were still exposed to secular culture, but in the shtetls, 
Jews were living next to uneducated peasants and were therefore very isolated from any 
secular culture (Dimont, 1978).  In some larger shtetls, the Jews lived in the center while 
the peasants occupied the areas around them near fields. The peasants were farmers, but 
because the Jews were not allowed to own farmland, they were considered urban.  This 
meant that the main interaction between the Jews and the peasant non-Jews was when 
they went to the market (Zborowski and Herzog, 1952).  Here the Jews and peasants 
found each other both strange and unpredictable.   
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For many Jews, the shtetl offered a sense of community, and for Jews the 
community was of utmost importance.  But while the shtetl is seen as a primarily Jewish 
way of life, it does not reflect the life of Jews in large Eastern European cities, or that of 
Jews in countries other than Russia (Zborowski and Herzog, 1952).  The next most 
important thing was education.  This, however, was not the same education used by 
others in Eastern Europe.  This was the study of the Torah and the Talmud that was 
ingrained in all Jewish men.  Despite efforts of the Russian government to introduce a 
modern school system to the Jews, they resisted all efforts and stayed with their 
traditional education (Dimont, 1978).  The Russians continued their efforts for many 
centuries, but in 1879 they gave up all hope of changing the education system of the 
Jews.  All of the Jewish households participated in education by feeding the students 
according to their economic status.  Education was so important to the Jews that it even 
controlled their marriages.  The higher your education, the higher your status in the 
community.  The more learned men present in a family, the better the marriage match 
(Zborowski and Herzog, 1952).  The amount of a girl’s dowry was almost matched to the 
amount of education a boy had.  Many countries in Eastern Europe were even trying to 
control Jews through marriage.  In Bavaria, the Jews were only allowed a limited number 
of marriages (Diner, 2004; Meltzer, 1985).  
In 1881, Alexander the III became the new czar of Russia.  He, too, had ideas for 
controlling, and eventually eliminating, the Jews (Dimont, 1978).  For this task, he hired 
Konstantin Pobedonostsev who came up with plans of converting the Jews to 
Christianity, starving them, and having them emigrate.  In order to do this, he began a 
series of pogroms that tortured Jewish life far more than anything else had in Russia.  
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Encouraged by the government, these acts of violence increased until they became very 
bloody and frequent (Diner, 1999).  Jews in Russia were being driven out of their towns, 
and were forced to live in slums where they starved (Meltzer, 1985).  As an excuse for 
these pogroms, the Russian government claimed that Jews were enslaving peasants and 
workers (Margolin, 1926).  They also claimed that the Jews were manipulative and 
abusive, and this meant that they needed to be punished (Elbogen, 1944).  One group at a 
time, the Jews had their jobs taken away from them.  Jews were no longer allowed to be 
tavern-keepers because the peasants were being “seduced to drunkenness” (Elbogen, 
1944, p. 356-7).  Then Jews were not allowed to be peddlers, and this continued until 
Jews were excluded from almost every vocation.  As they lost their jobs and became 
penniless, the Jews were reduced to starvation.  With no hope of earning any money for 
food, the Jews had no choice but to flee (Elbogen, 1944).  It was with the May Laws of 
1882 that millions of Jews began immigrating to America (Dimont, 1978; Joseph, 1966). 
Most of the Jews living in eastern European countries surrounding Russia at this 
time knew about the pogroms, either through experience or seeing it happen to their 
neighbors.  Many times it was non-Jews living next to Jewish neighborhoods in Russia 
that were pillaging and murdering during the pogroms.  And just as these neighbors 
turned on the Jews, when the pogroms were over they continued on as if nothing had 
happened (Zborowski and Herzog, 1952).  An example of one of these pogroms began on 
Easter Sunday 1903 in Kishinev, Russia.  Broken into twenty-four small groups, Russians 
invaded the streets of the Jewish neighborhood.  They broke into shops and houses, 
breaking windows, stealing money and goods, and striking anyone that tried to interfere.  
All of the goods collected from shops and houses were brought together and then divided 
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among students, officials, and anyone who wanted to participate.  The police did nothing 
to stop them and even joined in the taking of Jewish goods (Elbogen, 1944).  The next 
day when soldiers lined the streets, everyone cleared out quickly; something that could 
have happened the day before.  The soldiers did not, however, stop the mob from 
attacking Jews in their hiding places, prevent women and girls from being raped, or say 
anything while Jews were being murdered (Elbogen, 1944).  Also in 1903 in Homel, in 
the province of Mohilev, hundreds of families were subjected to the same treatment.  
They were poor before, but now they had nothing and many Jews even lost their lives.  
The Christian population seemed to enjoy the malevolent attitude towards the Jews and 
the attitude of the officials was not much different (Elbogen, 1944).  In both cases, the 
Jews were blamed for what happened and no one participating in the pogroms took 
responsibility for their actions.  They altered the story so that it seemed the Jews had 
brought this on themselves by doing things that deserved punishment (Elbogen, 1944). 
 All of the pogroms show that an influential group was responsible for these events 
and that they had infiltrated the government in St. Petersburg (Elbogen, 1944).  For 
several years, many different groups and leaders tried to completely destroy the lives of 
Jews living in Russia. As Jews witnessed these events and realized that they could 
happen anywhere at any time, they began to leave for the United States at a rapid rate 
(Elbogen, 1944).  All over the world, Jewish communities banded together in protest 
against the violence of the pogroms.  Immigrants already in America joined with them in 
collecting money for victims and protesting against the pogroms (Elbogen, 1944).  In 
1903 all across the United States, there were eighty rallies that raised money for 
European Jews and created a lot of sympathy for Jewish immigrants arriving in America 
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(Diner, 2004). The severe violence of the pogroms continued all the way through to the 
early 1920s, especially during World War I and the Communist Revolution (Diner, 
1999). 
 
Migration 
 With the beginning of the pogroms in 1881, families and even entire communities 
picked up and left without any real plan in mind (Glanz, 1976).  When Jews left their 
homes, they almost always headed east leaving their small towns in favor of larger cities 
where there might be more opportunities for them (Diner, 2004).  Moving west was not 
that easy and the Jews had problems crossing the Austrian and Hungarian borders.  Many 
of them were even forced to go back to where they originated when they were not 
allowed to cross the border, or the fine to cross the border was too high to pay (Elbogen, 
1944).  While some of the wealthier Jews did not show any interest in moving to America 
(Margolin, 1926), the communities that were trying to go to other European countries 
decided to go to America instead (Meltzer, 1985).  Since there were so many problems, 
both physical and economic, with staying in Europe, Jews began to look at America as 
the golden land where new freedoms and opportunities abounded.  For the Jews, America 
held many new possibilities in their time of need.  There was land to be had, jobs 
available to them, and people that were eager to help (Joseph, 1966).  Another thing that 
attracted Jews to America was the idea of equality, where they would not be persecuted 
because of their religion (Margolin, 1926). 
In order for this migration to occur, Jews had to once again travel across Western 
Europe to reach the docks where the steam boats to America awaited (Nadell, 1998).  
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This was a very dangerous journey for some that could last for weeks, and it only got 
worse when they arrived at the docks.  Many families purchased tickets for America, only 
to find out that they were given tickets to London when they arrived there (Nadell, 1998).  
The passengers that avoided trickery had to go through a medical exam before getting on 
the boat because diseased passengers were not allowed into America and had to be 
brought back to Europe at the steam ship company’s expense (Nadell, 1998; Dwork, 
1998).  The tickets that immigrants could afford were for steerage accommodations, 
which were half the fare of the cabins (Nadell, 1998).  In steerage, individuals were 
forced to share hammocks, and there was no privacy at all.  Men and women had to share 
wash rooms, and they were not given towels or soap.  They had to sleep with all of their 
belongings and tightly together in poorly ventilated rooms.  Everywhere they turned, 
there was dirt and grime, and they were given rotten food to eat.  The women were 
frequently raped by employees of the ship, and immigrants were generally treated poorly 
by workers and other passengers (Nadell, 1998; Dwork, 1998).  In 1910, a new type of 
steerage was created with more berths and separate rooms for families, better washrooms 
with towels and soap, compartments for their personal belongings, electric lights, and 
more windows for ventilation (Nadell, 1998).  In both cases, however, Jews were kept 
separate from all other immigrants and were given the worst of the rooms.  In some 
situations they were even separated from the other immigrants by a chain-link fence 
(Nadell, 1998).  This was due to the anti-Semitism felt by passengers aboard the ships, as 
well as the employees. 
Once the ships docked, all of the Jewish immigrants had to get off at Ellis Island 
where they had to wait for hours until an inspector could examine them (Yaffe, 1968). 
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The inspectors, who only spoke English, marked the clothing of the immigrants with 
chalk if it was suspected that they had a health problem (Dwork, 1998).  Many people 
were sent back to Europe or kept under observation for months because of illness and 
poor health.  Many families were separated, and they were not able to see each other 
again for months, and sometimes even years.   
The German Jews, who had already been in America for some time, watched in 
amazement as the Russian Jews came off the ferries in New York (Dimont, 1978).  They 
had long beards, wore curls over their ears and black hats, and spoke Yiddish.  These 
Jews from Russia seemed to be from another world.  The Russian Jews looked at the 
Germans much the same way as the German Jews had looked at them.  They had no 
beards, were well dressed, and spoke English (Dimont, 1978).  The first group of Russian 
immigrants to step foot in New York consisted of 250 Jews who landed in America on 
July 29, 1881 (Meltzer, 1985).  After spending some time in New York, some of the 
Russian immigrants began to find family and community members that had sent them 
money for the voyage.  Some even had jobs lined up for them, and these family members 
helped them to ease into their new environment (Diner, 2004).  Others found their way to 
the Lower East Side to live in an area that other Jews already inhabited (Yaffe, 1968).   
More than 10,000 Jews arrived in America during the years 1891 and 1892 
(Joseph, 1966).  In the next decade, the mass migration of Jews into America began with 
about 40,000 people (Berrol, 1998).  This number increased until the immigration of 
European Jews reached its peak in 1905 and 1906, and continued at a high rate through 
the outbreak of World War I (Kuznets, 1998).  The years between 1903 and 1907 saw 
more than 500,000 Jews enter America.  Out of all the immigrants coming into America 
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at this time, more than 10% of them were Jewish (Elbogen, 1944; Joseph, 1966).  This 
massive immigration was cut off, however, in 1921 when the first Immigration Quota 
Law was passed, which stated that “the number of people of any particular nationality 
which might be admitted to the country must not exceed 3 percent of the number of 
people of that nationality already in the country ten years before” (Yaffe, 1968, p. 7).  
The majority of Jewish immigrants that went through Ellis Island ended up in New York, 
and by 1910, there were more than one million Jews in New York City (Berrol, 1998).  
Over the next twenty years, Jewish immigrants from Eastern Europe tried to break away 
from the Lower East Side and began to spread out all over the country (Yaffe, 1968). 
 
Life in America 
Jewish immigrants came to America after centuries of living in poverty stricken 
ghettos in Eastern Europe.  Now they were arriving in New York and living in the Lower 
East Side where it was cramped, diseased, and noisy (Dwork, 1998).  The houses that 
immigrants lived in were falling apart and very crowded.  There were often piles of 
garbage on the street breeding infectious diseases such as tuberculosis (Diner, 1999).  
Families were torn apart when husbands died, deserted them, or left to go search for 
work.  Juvenile delinquency became a problem, as did the “immorality among young 
girls” (Morris and Freund, 1966, p. 49).  Even prostitution became an everyday 
occurrence in the ghetto, and parents had no hope of hiding it from their children when it 
was happening right next door (Glanz, 1976).  The ghettos in New York were somewhat 
similar to the ghettos in Europe, but according to Yaffe (1968) the real difference 
between them was a psychological one.  When the Jews lived in the shtetls they had very 
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strong religious and cultural traditions, and even though the pogroms were atrocious it 
was easier for some Jews to stay there because they were afraid of losing their culture 
with the move to America.   
Even though the Jews were once again in ghettos, they were much healthier than 
other immigrant groups living in New York City (Meltzer, 1985) and did not resemble 
the typical pattern seen in other slums (Dimont, 1978).  This may have been due to their 
religious and social practices, as well as a low rate of alcoholism.  Orthodox Jews ate 
meat that was always fresh because, by kosher law, it had to be consumed within three 
days.  Men and women were also required by Jewish law to wash their hands and faces 
frequently (Dwork, 1998), to clean their houses at least once a week, and go to the 
bathhouses regularly (Meltzer, 1985).  Many Jews even owned bathhouses in New York 
(Dwork, 1998).  The Jewish population was also less likely to break the law.  There were 
almost no Jewish homicides and the rate of juvenile delinquency was lower than other 
immigrant groups.  It was also not often that Jewish children were put up for adoption, 
and Jews were rarely seen drinking or gambling in bars (Dimont, 1978). 
The Jewish immigrants were used to living in all Jewish villages and now they 
were in large, non-Jewish cities.  Jewish communities quickly spread and expanded, 
however, and agencies all over New York decided to take up the task of cleaning up the 
slums and ghettos, which had continued to get worse (Elbogen, 1944).  The ghettos were 
getting more and more crowded with people.  The streets were narrow and crowded and 
the inside of the buildings were overcrowded and falling apart (Elbogen, 1944).  In this 
new land, parents began to be separated from their children through new languages, and 
the stable family life that they once knew was being threatened.  Child labor and 
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economic insecurity were becoming part of their new life (Morris and Freund, 1966). 
Even though the immigrants were living in deplorable conditions, they continued to have 
hope of a better future for their children (Elbogen, 1944).  Many Jewish organizations 
tried to get Jews out of the ghettos and slums and into more rural areas, but when that did 
not work as well as hoped, they focused on making the ghetto better for the people living 
in it (Morris and Freund, 1966). 
In Eastern Europe, Jews were used to a life where the husbands spent their time 
educating themselves, and the wives worked in the marketplace and supported the family 
economically (Klapper, 2005).  Once in America, they learned that men and women 
served very different roles.  Most of the time in America, it was the husbands that worked 
and not the wives.  In order to adapt economically to their new home, Jews began to 
educate their daughters and not just teach them how to work.  These Jewish girls began to 
work along with their parents in order to help support the family financially (Klapper, 
2005).   
Soon after arriving in America, many Jewish immigrants had to work in 
sweatshops and factories, where conditions were just as unsanitary as the slums (Dwork, 
1998).  Working in the sweatshops, immigrants had almost no rights and the 
manufacturers did not care about living and working conditions (Meltzer, 1985).  The 
Jews did have some experience as tailors and needle-workers, and this helped them with 
jobs in the factories.  More and more garment factories were opening up and the 
manufacturers tried to hire immigrants right off the boat so that they would not yet know 
about the poor conditions of the sweatshops.  They were forced to work very long hours 
for very low wages.  Since there were no laws protecting laborers at this point, employers 
 16 
 
saw their chance to exploit all of the immigrants pouring into New York (Elbogen, 1944).  
Out of all the Jews that had a job, 60 percent of them worked in the garment industry by 
1897 (Morris and Freund, 1966).  In 1900, the decline in wages took a toll on the non-
immigrant workers, and they began to become resentful of the immigrants.  Four years 
later, immigrants were beginning to recognize that they were a part of American society 
and deserved to be respected for their place in it. 
After awhile East European Jews adjusted very well economically in New York 
City.  There were many opportunities for employment in New York, especially for skilled 
workers and people with prior experience in trade, which were the types of jobs that Jews 
had back in Europe.  The hard work of the Jewish immigrants paid off as they increased 
their standard of living for themselves and their children (Berrol, 1998).  They became 
merchants, bankers, and financiers (Diner, 1999), and the clothing industry was almost a 
Jewish monopoly (Elbogen, 1944).  There were also many skilled workers amongst the 
Jewish immigrants and most of them were needle workers and tailors.  The rest of the 
workers included “carpenters, joiners, cabinet makers, painters, glaziers, shoemakers, 
bakers, locksmiths, clerks, and accountants” (Joseph, 1966, p. 19-20).  Many Americans 
did not think that it was possible for the Jews to create a middle class and that they were 
destined to work in sweatshops and live in ghettos, but many Jews were able to improve 
their economic situation through many different occupations (Glanz, 1976).  Some of the 
Jewish immigrants that did not remain in the city decided to do what had been forbidden 
to them in Europe; they became farmers on their own land (Margolin, 1926). 
Not everyone, however, was happy with how well Jewish immigrants were doing.  
The Populist Party in the 1890s claimed that Jewish bankers were greedy and the cause of 
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the economic depression (Diner, 1999).  There was even some religious tension, as 
Gentiles considered Judaism a strange religion that did not belong in America, and some 
Protestants tried to convert Jews to Christianity (Diner, 1999).  The Jews had no national 
leader and different groups were scattered all over the United States.  Also, not all Jews 
were from one country so they had class, language, and religious differences keeping 
them apart (Meltzer, 1985).  Many Jews already in America thought that the arrival of the 
Russian Jews would only increase the amount of prejudice against them (Joseph, 1966).  
The Jews from Eastern Europe were mostly from lower classes, since many Jews from 
the middle- and upper-classes did not emigrate.  The German Jews were part of the 
middle-class and, having been in America for awhile, they had established themselves as 
a respectable part of society. The German Jews believed that the Russian Jews would ruin 
this image of Jews in America with their poverty and ignorance (Meltzer, 1985).  They 
even tried to convince the Russian Jews to move west.  When this did not work, they 
helped the new immigrants by showing them how to dress, speak, and act like 
Americans.   
Wanting to be American was not the only thing that kept the Jews together.  They 
also wanted to hold on to their old traditions (Yaffe, 1968).  Despite the feelings of the 
non-Jews, and the tension between the different Jewish groups, all of the Jewish 
immigrants together made a very strong group.  They formed Jewish organizations and 
charities, built synagogues, and produced newspapers that began to join all of the 
different groups together.  The more the Jews banded together, the more others accused 
them of becoming clannish and refusing to mix with outsiders.  Not only did Jews like to 
live in areas with other Jews, but often they could not afford to leave the slums (Meltzer, 
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1985).  In order to prove that they were willing to become American, but also as a way of 
keeping their Jewish distinctiveness, they had their children become integrated in 
American society (Klapper, 2005).  When times were better in Europe, some individuals 
considered going back to their home in Eastern Europe, but they ended up staying in 
America because their children were well established in the United States (Glanz, 1976). 
 Russian Jewish families typically had up to five members with children under the 
age of fourteen.  They usually consisted of more women and children then men and this 
made it difficult to earn enough money (Joseph, 1966).  Many times small parts of a 
family would leave for America first and then the rest of the family would join up with 
them later.  It was usually the husband that would arrive first, and then he would go back 
for his wife and children (Glanz, 1976).   
There was a large marriage market during the first decades of life in the ghetto 
that closely resembled that of the shtetl.  Jewish mothers cautioned daughters from 
marrying anyone from a different Jewish group, meaning that Russian Jews should not 
marry Hungarian Jews or Romanian Jews.  This did change slightly as more and more 
young women married in America, although it was more common for men to marry out 
of the religion than women.  Even though the different immigrant groups had a common 
social life, the bonds were not always strong enough for them to inter-marry (Glanz, 
1976).  The German Jews dreaded intermarriage with both non-Jews and non-German 
Jews, but marriage between different Jewish groups began to take place with increasing 
frequency after some time spent in America (Yaffe, 1968).  Another aspect of marriage 
that differed from Europe was that families could not afford a dowry for their daughters.  
This was made acceptable by girls earning their own money, and, therefore, did not need 
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a dowry to get married.  Some middle-class families still worried about a dowry and 
wanted the older daughters to get married before the younger ones.  This created some 
problems in marriage for middle-class families in America (Glanz, 1976). 
Another important aspect of Jewish life in the ghetto was education.  In Europe, 
Jews were concerned with boys getting a proper religious education and girls learning 
how to work.  Once in America, immigrants created many Jewish day schools so that 
Jewish children could have a secular education as well as a religious one.  Jewish parents 
also preferred these schools to public schools because the public schools were supported 
by the government and included many aspects of the Protestant religion, including 
reading from the Bible and singing hymns (Diner, 2004).  Eventually, the children 
attended public schools where both boys and girls went to school together as well as with 
children from other immigrant groups (Glanz, 1976).  It became mandatory that children 
stay in school longer with the idea that education helped them to improve their economic 
status.  Public schools eventually had less Christian content and became the best place for 
immigrant children as long as they did not have to work to help support the family.   
Jewish parents saw public school as a way for their children to get a better 
education than they did back in Europe.  In 1917, three quarters of all Jewish children in 
New York were going to public school, whereas less than a quarter of them were getting 
a Jewish education (Diner, 2004).  It was the hope of parents that their children would 
grow up to be teachers and doctors.  The children did not need to be overly encouraged, 
and they went straight from the factory to college (Elbogen, 1944).  By 1908, more than 
8.5 percent of the Jewish population was attending college (Dimont, 1978).  According to 
Berrol (1998), getting a good education had been somewhat of a problem for Jewish 
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immigrants up until the early 1920s.  Very few schools were available to them, and those 
that did exist were small, overcrowded, and falling apart.  This resulted in very few 
Jewish children finishing school past the sixth grade in the Lower East Side of New York 
City.  As the economy improved for their parents, and they moved out of this area, 
Jewish children began completing school and continuing through college (Berrol, 1998).  
These children also did very well in school, ensuring a better future for them 
economically.  In either case, the children of Jewish immigrants were intent on bettering 
themselves and securing a better future for them and their families.   
Despite the fact that their new life in America was difficult at times, the 
immigrants found it much improved from their old life back in Europe.  Their children 
were well fed, healthy, and educated, and were finding better jobs and a better way of 
life.  Suffering from emotional, but not physical scars, eastern European Jewish 
immigrants found a new home, and a new life.  Between the years 1820 and 1920, Jews 
went from being a nearly invisible part of the American social scene to being a great 
influence on “America’s political, cultural, and religious life” (Diner, 2004, p. 76). 
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CHAPTER III 
LITERATURE REVIEW 
Researchers have long studied the affects of the environment on human 
morphology, including populations that have migrated from one environment to another.  
By looking at populations such as eastern European Jewish immigrants as described in 
the historical background, researchers can gain a better understanding of how the 
environment does or does not allow individuals to reach their genetic potential.   
In 1954, Bernice A. Kaplan noticed that in the past many researchers were setting 
limits on the extent of human plasticity based on the capacity of genetic structure, but the 
paradigm was shifting as researchers were beginning to see plasticity in humans as 
limitless (Kaplan, 1954).  Throughout these new studies, she identified six primary 
research designs used to assess the different ways in which the environment affects 
physiological features.  The first research design studied immigrants and their children, 
including studies by Franz Boas in the early 20th century.  These studies compared 
foreign-born and US-born individuals to see how immigrants changed in their new 
environment.  Second was the research design using migrants and non-migrants.  These 
types of studies compared emigrants to individuals that were left behind (sedentes) to 
determine if sedentes were smaller in stature than the migrants.  Growth studies were the 
third approach, and included generational studies demonstrating changes in physical 
characteristics over a long period of time (Kaplan, 1954).  The fourth research design 
evaluated dietary effects on physique, showing that stature is affected by diet (e.g. 
malnutrition causing shorter stature), as well as the amount of dental disease (e.g. diets 
rich in sugar causing an increase in rate of dental caries).  The fifth approach involved 
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climate and human physique demonstrating a difference in growth and maturation rates 
depending on climate.  Lastly, were research designs examining human physique and 
altitude (e.g. individuals having a larger heart and lungs in higher altitudes).  
While all of these environmental aspects are important for anthropological 
research on the plasticity of the human form, socioeconomic status, nutrition, and disease 
will be explored further as they are very important to observed changes in stature and 
cranial morphology.  Looking at this variation in more detail will allow more insight into 
the differences observed in immigrant populations, specifically eastern European Jewish 
immigrants in New York City in the early 20th century. 
 
Body Size and the Environment 
Growth and Development 
The body grows at different rates throughout life.  Musculoskeletal growth 
proceeds very rapidly during infancy, slowly decreases during childhood, rapidly 
increases during adolescence, and is complete when full maturity is reached (Bogin, 
1988).  In poor environmental conditions, the fetus does not develop to its optimal size, 
and growth in pre-adolescence is affected more by the environment than growth in 
adolescence.  Adult stature varies from person to person, even among individuals from a 
shared gene pool, in part because of the environmental effects on pre-adolescent growth 
and maturation. 
The first aspect of development to be affected is weight gain.  Approximately 
60% of variability observed in birth weight is caused by environmental factors and the 
remaining 40% is caused by heredity (Delemarre-van de Waal, 1993).  Environmental 
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factors that contribute to retardation in fetal growth are “illness in the mother, 
malnutrition, therapeutic drug treatment, alcohol and other social drug addictions, and 
cigarette smoking” (Delemarre-van de Waal, 1993, p. 40).  There are also many factors 
that contribute to retardation in post-natal growth including “nutrition, disease, 
socioeconomic status, urbanization, physical activity, climate, and psychosocial 
deprivation” (Delemarre-van de Wall, 1993, p. 40).  Stresses such as these have the 
ability to suppress growth hormone secretion, preventing growth in children.  Once the 
stress is taken away, the secretion of growth hormone continues, and loss of stature can 
be made up in catch-up growth (Delemarre-van de Waal, 1993).   
Growth and development can be affected by several environmental factors, one 
being socioeconomic status.  In families with better socioeconomic conditions, there is 
typically better nutrition and they tend to have much better health (Malina, 1979).  In the 
early 19th century, mortality rates in all ages of individuals were higher in the cities than 
they were in the country for Europe and America.  With the beginnings of 
industrialization in urban areas, the environment was very poor with over-crowding, bad 
sanitation, and a reliance on child labor (Malina, 1979).  These aspects of 
industrialization were a major cause of high mortality rates and retardation of growth and 
maturation.  It is also possible that child labor itself was one of the causes of slow growth 
and maturation in children that worked when compared with children that did not work.     
Children from lower income families tend to be shorter and lighter than children 
from higher income families, and this trend is seen in all ethnic groups (Bogin, 1988). 
Generally, families with higher socioeconomic backgrounds are better nourished than 
families with lower socioeconomic backgrounds.  Historically, these lower income 
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families tend to have less educated parents who are also of shorter stature and lower in 
weight.  Individuals with a higher socioeconomic status have higher incomes and better 
education (Bogin, 1988).  
Industrialization eventually generated an improvement in sanitation, water 
treatment, food preservation, food supply, education, and welfare in the cities, and 
mortality rates decreased in the cities until they were lower than rural areas and stature 
increased (Bogin, 1988; Delemarre-van de Waal, 1993).  With this improvement in 
environment, children in many urban areas showed an increase in stature and weight, and 
they matured at an earlier age.  This is not true for urban areas in less developed countries 
where migrants move into urban slums (Bogin, 1988).  Children living in these slums 
show growth and maturation rates similar to those living in impoverished rural areas 
(Bogin, 1988; Delemarre-van de Waal, 1993).  This shows that growth and development 
of migrants moving from rural to urban areas is likely affected by the environment 
through socioeconomic status, food availability, and health status.  When populations 
migrate to new areas, they begin to mix with other populations and this causes them to 
change genetically, physiologically, morphologically, and socioculturally (Bogin, 1988).         
There is a limit on stature as individuals can not reach beyond their genetic 
potential.  When compared with children from lower socioeconomic groups, children 
from high or middle socioeconomic groups are generally larger in body size (Eveleth and 
Tanner, 1990).  Most of the differences between social classes are due to differences in 
nutrition and infection, which are affected by poverty and under-education.  In 
industrialized countries, populations show relatively small environmentally related 
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differences between individuals (Eveleth and Tanner, 1990).  In developing countries, 
however, biological differences between rich and poor individuals are far greater.   
Urbanization is not always stressful on a population; there are both advantages 
and disadvantages to living in a city.  In the late 20th century, children living in urban 
areas were generally larger than those living in rural areas (Eveleth and Tanner, 1990).  
In order for this to occur, there must be amenities such as clean water, health and 
sanitation services, medical facilities, and educational facilities.   Moving from a rural 
location to an urban one will, therefore, have an affect on the growth and development of 
individuals.   
With higher income, individuals are able to afford better nutrition, child care, and 
medical and social services.  All of these things allow for better growth and earlier 
pubertal development in children (Delemarre-van de Waal, 1993).  While the onset of 
puberty and the rate of maturation are dependent on both heredity and environment, girls 
have an earlier menarche in countries with better socioeconomic conditions.   
In industrialized countries, higher socioeconomic status correlates with higher 
stature.  This is because of improvements in diet, better health care, and decreased 
physical work loads (Steckel, 1995).  Not only is this trend seen in populations overall, 
but it is also seen in individuals where “extreme poverty results in malnutrition, retarded 
growth, and stunting” (Steckel, 1995, p. 1912).  Being able to afford a better diet 
generally produces an increase in height, but once individuals are able to afford enough 
food to have a sufficient caloric intake, only a slight increase in height is caused by a 
better diet.  Better housing and health care can also aid in the increase in height.  When 
looking at stature as a determinant of standard of living, one should not be waylaid by 
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genetics.  Genes are important in determining individual height, but it has been observed 
in many populations that stature accurately reflects health status (Steckel, 1995).  Many 
factors determine stature such as diet, disease, and how much individuals work during 
their growing years, and all of these factors are determined by socioeconomic status.  
Children that receive poor nutrition are more prone to infection and infection keeps them 
from absorbing proper nutrients (Steckel, 1995).   
Throughout growth, a child may face many physical hurdles and yet survive, but 
as a result their bodies adapt in a way that may result in slower growth and a smaller 
body size.  If suboptimal conditions are experienced by an entire population, such as 
calorie or protein deficiency, then the average adult height is much lower.  Sometimes 
these environmental conditions improve, in which case the heights of both children and 
adults will increase (Eveleth and Tanner, 1990).  There are many aspects of the 
environment that can affect growth and various combinations of those factors can 
constitute an environment of poverty (Eveleth and Tanner, 1990).  The most influential of 
environmental factors are the level of nutrition combined with the amount of childhood 
illness.    
The limits of human biological adaptation can be greatly influenced by the 
nutritional environment (Haas and Harrison, 1977).  How individuals and populations 
respond to this nutritional environment reflects how they are able to adapt.  Looking at 
adaptations to the nutritional environment in children can help researchers see what 
molds the phenotype of adults.  In the late 1970’s, more studies began to show that 
nutrition affects growth and can greatly influence phenotypic plasticity in adults (Haas 
and Harrison, 1977).   
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The quantity and quality of nutrients that are available to families varies with their 
socioeconomic background, and the quantity and quality of nutrients can greatly 
influence growth in children (Malina, 1979).  Humans need to ingest roughly 48 essential 
nutrients in order to maintain proper growth (Bogin, 1988).  These essential nutrients are 
ones that humans do not produce naturally, and, therefore, must get them from the foods 
they eat.  Individuals that do not get these nutrients in their diet will eventually fail to 
grow.  This is why individuals that live in populations with food shortages show a delay 
in growth and children become shorter and lighter than those that live in populations with 
adequate food supplies.  In populations where individuals have a tolerance for milk, 
shortages such as having no milk can delay growth and be the cause of stature differences 
between populations.  The lack of calcium may delay bone maturation and elongation 
(Malina, 1979).   
The years when children are most susceptible to malnutrition and infection is 
from birth to five years, although malnutrition can begin even before birth depending on 
the wellbeing of the mother (Eveleth and Tanner, 1990).  Birth weights in many 
developing countries are the same as those in industrialized areas.  It is only after the first 
six months that weight starts to diminish.  In some areas, the slow down in growth 
coincides with the weaning of the child when they are given foods high in starch and low 
in protein (Eveleth and Tanner, 1990).  There is still a question as to whether or not 
malnutrition during the first two years of childhood causes a loss in body size in 
adulthood, although extended periods of malnutrition could very well cause a loss in 
adult stature.   
 28 
 
Another period in life when children are susceptible to the affects of malnutrition 
is prior to adolescence.  Malnutrition changes the rate of growth, which can be seen in a 
delayed bone age, a later peak of growth during puberty, and menarche at a later age 
(Eveleth and Tanner, 1990). Without being able to absorb proper nutrients, children are 
not able to reach full growth and maturation.  When a child is ill, even from something 
mild, the growth process slows down, but in countries where there is adequate nutrition, 
catch-up growth allows the children to reach their proper height (Eveleth and Tanner, 
1990).  How much the environment affects growth seems to depend on how long and 
how severe the conditions are placed upon the child.  If conditions, such as illness or 
starvation, are affecting the child for only a short amount of time, their regular growth 
rate will resume when they are no longer being affected.  During catch-up growth, the 
child’s rate of growth is above that of the average child in their age and maturity range.  
For some children, the rate of growth will not accelerate, but they will reach their final 
adult height at a later age.   
Overfeeding is as much a problem in some countries as malnutrition is in others 
(Delemarre-van de Waal, 1993).  Lower classes in industrialized countries (e.g. the 
United States) tend to overfeed when there is an adequate food supply, and the affordable 
foods are those high in fats and sugars.  In these cases, obesity is a result of a poor 
nutritional balance and an abundance of carbohydrates and added sugars.  In developing 
countries, it is populations with higher incomes that show an increase in obesity since 
these are the individuals that can afford food (Delemarre-van de Waal, 1993).  Nutrition 
can be affected by things such as the price of food, food distribution within the family, 
how the food is prepared, and tastes and preferences for food (Steckel, 1995).  These 
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things may make it more difficult for poorer families to get proper nutrition so 
malnutrition is often associated with extreme poverty.   
Chronic diseases slow, and sometimes stop, the growth process in children.  If 
they are able to fully recover from these diseases, the children are able to regain the 
growth that was lost (Delemarre-van de Waal, 1993).  There are other factors that must 
be recognized as having an affect on illness, and thereby stature, such as personal 
hygiene, public health, and disease load (Steckel, 1995).  There are many diseases that 
have been associated with famine such as scarlet fever, diphtheria, dysentery, typhoid, 
typhus, cholera, and tuberculosis (Keys et al., 1950).  Mortality rates from such diseases 
are increased in individuals with malnutrition.  The rates of individuals with tuberculosis 
are much higher during times of famine, and the disease progresses more rapidly in 
malnourished individuals (Keys et al., 1950).    
Tuberculosis was very prevalent in the early 20th century in New York City and 
was associated with malnutrition (Emerson, 1922).  Since malnourishment was not 
considered as a medical diagnosis at the time, malnourished children became easy prey to 
tuberculosis and other diseases.  Tuberculosis became very common among families with 
malnourished children because they did not have immune systems adequate to help fight 
off the disease (Emerson, 1922).  Throughout the history of New York, tuberculosis 
increased during times of famine, but from 1880 on, the rate of mortality from 
tuberculosis has slowly declined.  This is due to many factors including improved 
sanitation, better housing and nutrition, an isolation of infectious cases, having the 
disease diagnosed earlier, the interaction of antibiotics, and an increase in resistance to 
tuberculosis.  Tuberculosis was also more prevalent among the poorer urban populations 
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which suffer from malnutrition more often than individuals in rural populations (Keys et 
al., 1950).  Families with lower incomes cannot afford proper medical care and are, 
therefore, more susceptible to disease.  Families with higher incomes have better health 
care and better sanitation, so they are less likely to contract infectious diseases (Steckel, 
1995). 
 
Studies of Environmental Effects on Body Size 
In a paper published in 1920, Boas explored his research on the affects of 
socioeconomic status on height and weight in several groups of Jewish children living in 
New York City.  The first group consisted of children from wealthy families going to a 
private school.  The second group consisted of children living with their families on the 
East Side, an area of New York City inhabited by immigrants and other individuals with 
a low socioeconomic status.  The third group of children lived in a boarding school run 
by charities.  The fourth group of children lived in a school located in the country using 
the cottage system with 30 children to a house.  The fifth, and last, group of children 
lived in large institutions located in the city where more than 1000 children lived in each 
institution (Boas, 1920).  Although Boas observed very different school systems, he did 
not clearly define them.  Overall, the statures and weights of the children living in the 
institutions equaled that of the children living with their families on the East Side.  When 
Boas looked at each group individually, it became apparent that the children living in 
larger institutions were developmentally behind the other children.  While the nutrition at 
these institutions was as good as can be expected, the overall atmosphere was keeping the 
children from developing at a normal rate.  This can be seen even in adults that lived in 
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institutions as children (Boas, 1920).  Boas does not specify what it was about these 
environments that caused the lag in development.  Children living in institutions run on 
the cottage system were only slightly lower in stature and weight than normal children, 
and children boarded in families had equal statures and weights to the children living 
with their families on the East Side.  The only case where children boarded with families 
were not up to the normal stature and weight was children that were sick with disease 
(Boas, 1920).  Boas concluded that his study demonstrated that environment plays an 
important role in determining the physical form of adults.  Stature and weight can vary 
considerably within the same family if individuals live in a different environment (Boas, 
1920). 
Prokopec (1970) studied differences in height between children living in rural 
areas and children living in Prague or in a city.  In most of the comparisons, children in 
the city had greater heights and weights than children in the country.  The children with 
parents that had occupations as clerks or other similar jobs tended to be the tallest and 
heaviest.  Children of industrial workers were only slightly taller and heavier than the 
children of farmers.  Even within the same occupation there were differences depending 
on where the parents were working, with children in Prague being the tallest and heaviest.  
There was also a difference observed within families with firstborn children being the 
tallest and the children born after that getting subsequently shorter.  Reaching final 
stature also varied between populations, although part of this is connected with heredity.  
In developing countries, growth is prolonged and in industrialized countries, growth is 
accelerated (Prokopec, 1970).  This same pattern is also seen between higher and lower 
statuses of the same population.  Overall, the tallest children lived in the city, had parents 
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with occupations requiring higher education, were the firstborn, had fewer siblings, had 
parents with taller stature, and matured earlier than other children (Prokopec, 1970). 
Studying twins is an excellent way to determine how environment affects growth.  
This is because twins are generally raised in the same environment, and monozygotic 
twins have an identical genetic composition.  When these types of twins are raised apart, 
there is greater difference in adult height than when they are raised together (Delemarre-
van de Waal, 1993).  One study on twins was the Louisville Twin Study which recorded 
data on the height of twins from birth to maturity.  It was determined that from the age of 
six years on, 90% of height was determined by heredity (Delemarre-van de Waal, 1993).  
When a difference in height was observed in monozygotic twins, it was thought that 
environmental factors were the cause.   
Another way of determining environmental effects on height is observing 
occupational affects on stature.  Kirby (1995) studied the affects of occupation on stature 
in coal-mining children in the early 1800s in England.  During this time, coal-miners and 
their children were shorter in stature than individuals in other populations.  Kirby looked 
at the arguments involving nutritional intake and occupation as causes of short stature in 
the coal-miners and concluded that it was mainly occupation causing the stunted growth.  
He concluded that short stature among coal-miners was probably caused by 
environmental influences associated with working underground.  Being deprived of 
sunlight would have had a major affect on the skeletal development of children working 
in the coal mines.  These children were working between ten and twelve hours a day 
underground and they missed most of the daylight hours.  Being deprived of sunlight for 
so many hours kept the children from producing enough calciferol, which helps calcify 
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the bones.  This often results in soft bone growth and in rickets (Kirby, 1995).  
Observations recorded by mine workers in 1942 indicate that many mine children were 
bow-legged, although there are not any medical records suggesting that this was due to 
rickets.  Even though coal-mining children were nutritionally healthy, Kirby believes the 
deprivation of sunlight made them more susceptible to rickets resulting in shorter 
statures.   
  
Cranial Morphology and the Environment 
In 1909, the U.S. government asked the anthropologist Franz Boas to determine 
what would happen, physiologically, to the American population with the great influx of 
immigrants coming into New York City in the late 19th and early 20th centuries.  Boas 
saw this as a good opportunity to critique racial typologies during a time when the 
cephalic index was used to classify individuals into race because it was thought that the 
cranium reflected racial differences (Boas, 1911).  The 61st Congress published his 
report, which explained that morphological differences between European immigrants 
and their American-born children were due to change in environment (Boas, 1911).   
Boas and associates recorded length and breadth of the cranial vault, stature, 
weight, hair color, and eye color of 17,821 immigrants living in New York City.  These 
immigrants consisted of Bohemian, Slovak and Hungarian, Polish, Hebrew, Sicilian, 
Neapolitan, Italian, and Scotch adults, and their European- and American-born children.  
In order to obtain measurements of children, Boas visited schools where he was able to 
record the abovementioned measurements.  He then went to their homes to collect data 
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from the families of those children so that he had data from multiple generations (Boas, 
1911).   
Boas (1911) analyzed his measurements by calculating the cephalic index, which 
is the breadth of the cranial vault divided by the length of the cranial vault.  When the 
cranial vault is narrow and long, the cephalic index is lower, and when the cranial vault is 
wide and short, the cephalic index is higher.  The cranium had always been considered 
stable and permanent in its shape and size, but as immigrant groups moved from Europe 
to America there was a change in morphology.  Using the cranial index and stature as 
variables, Boas (1911) determined that, for some of these groups, children born in the 
United States were taller in stature and had differently shaped heads than their European-
born siblings.  He also compared these children to their Eastern European immigrant 
parents.  The results showed a greater difference between children born in the United 
States and their parents, than between European-born children and their parents (Boas, 
1911).  Some examples of this are the Hebrews who had a round head in Europe and 
became more long-headed in America, and the Italians which had longer heads in south 
Italy and became more short-headed in America.   
Of particular interest was the Hebrew population as they showed changes unlike 
any of the other immigrant groups.  After time spent in America their stature and weight 
increased, the length of the head increased, the width of the head decreased, and the 
width of the face decreased (Boas, 1911).  As other immigrant groups exhibited greater 
change the longer they were in America, the Hebrew population showed a more stable 
cephalic index as illustrated by children that came to America at one or two years old and 
did not show a change in cephalic index when compared with children born in Europe.  
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In order to determine the cause of this difference, Boas (1911) looked at how much time 
had passed since the immigrants arrived in America before there was a noticeable change 
in the children.  There seemed to be a greater difference in the American-born children of 
immigrants when the parents had been exposed to the American environment for a longer 
period of time (Boas, 1911, 1912).  Boas (1911) demonstrated this by comparing the 
features of children born in America within ten years of their parents’ arrival with 
children born ten years or more after their parents’ arrival.  The longer the parents were 
in America, the more variation was observed in the morphology of the children, and, to 
Boas, this was clearly because of the exposure to the American environment.  Before, 
researchers believed the human form to be stable, but with this new evidence it became 
apparent that the human form can be very plastic when exposed to new surroundings.  
Boas (1930) concludes that the longer an individual is living in certain environmental 
conditions, the more their body is affected by those environmental conditions.    
According to Boas (1936), one needs to understand how immigrant populations 
differ biologically from one another because heredity is an important factor in 
determining morphology and bodily function.  It is also important for researchers to 
distinguish between what is due to heredity and what is due to the environment.  Looking 
at the variation in morphology between populations does not give a clear picture of their 
genetic makeup, because it is not clear how much of their morphology is due to their 
environment and how much to heredity (Boas, 1936).  The stature and weight of an 
individual are easily modified through the condition of life that they are living (Boas, 
1936).  The body, head, and face of animals change when they are kept in captivity, and 
the same changes occur in individuals when they begin to live in a new environment.  
 36 
 
This change in the body does not completely eliminate the differences caused by 
genetics, but it allows one to see skeletal elements that are not entirely genetic but are 
influenced by the environment (Boas, 1936).   
By studying the rate of development in individuals, one can begin to see the 
importance of studying the influence of environment and genetics on morphology.  When 
the human body changes in response to the environment, it changes very slowly (Wallis, 
1941).  For some features it is hard to determine the combination of environmental and 
genetic influence, but it is much easier to see in stature and weight.  Wallis (1941) brings 
to attention the fact that Boas and other researchers did not connect stature with change in 
cranial morphology.  Wallis noticed that increases in stature in the groups described by 
Boas (1911) correlated with a decrease in the cephalic index, and decreases in stature 
correlated with increases in the cephalic index. 
According to Jantz and Meadows Jantz (2000), changes in morphology that only 
involve a few generations and are short-term are caused mainly by the environment, but 
changes that are long-term are caused more by genetics and less by the environment.  In 
studies on secular change in craniofacial morphology, vault height changed in correlation 
with year of birth, becoming higher and narrower and paralleling a heightening of stature, 
or lengthening of long bones.  These researchers came to the conclusion that “vault 
dimensions and long bone length were responding to the same environmental factors” 
(Jantz and Meadows Jantz, 2000, p. 333).  The changes observed by Jantz and Meadows 
Jantz (2000) in the cranial vault were attributed to changes in nutrition and health, 
indicating that most of the change was caused by the environment and not genetics.    
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One of the main studies that reanalyzed Boas’s data is Sparks and Jantz (2002).  
Using univariate t tests and least-squares regression, they took Boas’s original data from 
his 1911 study on immigration and tried to replicate Boas’s original results.  Their sample 
included children ranging from age four to nineteen, drawn from the eight ethnic groups 
studied by Boas (1911).  Out of the possible 448 univariate t tests, only 156 could be run 
due to small sample sizes.  Out of the 156 tests run, only eleven of them showed a 
significant difference between European- and American-born children at an α level of 
0.001 (Sparks and Jantz, 2002).  Most of these differences are seen in the Hebrew sample 
where 73% of the tests correlate with the cranial index, showing a reduction in the cranial 
index in the American-born children.  This means that the cranial vault became longer 
and narrower in these children (Sparks and Jantz, 2002).   
Least-squares regression was used by Sparks and Jantz (2002) to test the effect of 
long term exposure of environment on the cranial index.  The amount of exposure to the 
environment was calculated by subtracting the immigration year from 1910 for the 
European-born children and using just the age of the American-born children (Sparks and 
Jantz, 2002).  The results suggest that the environment had an insignificant effect on the 
cranial index.  In fact, the results of this test show that age has more of an effect on the 
cranial index than environment, meaning that the cranial index was actually very stable 
despite changes in the environment (Sparks and Jantz, 2002).  This is different than what 
Boas found, where the cranial index was interpreted as very much effected by long 
exposure to the environment.  Sparks and Jantz (2002) used a two-factor analysis of 
variance (ANOVA) model to test for genetic and environmental effects on all cranial 
variables and the cranial index.  The results of this test were much the same as the 
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regression analysis, and to better interpret the data from the ANOVA model, Sparks and 
Jantz (2002) computed Mahalanobis distances.  This showed that there was a geographic 
patterning to the variation, although some groups showed less variation in the American-
born children.   
Sparks and Jantz (2002) also used the method of maximum likelihood to estimate 
the narrow sense heritabilities for the cranial traits.  Using this method “produces 
multivariate heritabilities and estimates of genetic and environmental correlations 
between traits” (Sparks and Jantz, 2002, p. 14637).  The measurements of head-length 
and head-breadth show heritabilities greater than 0.5 when estimated by maximum 
likelihood (Sparks and Jantz, 2002), indicating that more than 50% of the phenotypic 
variation seen in the American-born children is caused by genetic factors, not 
environmental ones.  The measurements of facial breadth came up with only a slightly 
lower heritability, which means that there is a slightly higher environmental influence on 
facial breadth (Sparks and Jantz, 2002, 2003).  The analysis demonstrates that there is 
high heritability in the data and high variation among the different ethnic groups that 
remains throughout time spent in the American environment.  For Sparks and Jantz 
(2002, 2003) this supports the view that variation in cranial morphology is caused mostly 
by genetic factors, and very little by environmental factors. 
Another group of researchers, Gravlee and coworkers (2003a) reanalyzed Boas’s 
data in a study similar to Sparks and Jantz (2002), but used different methods with 
different results.  This study also applied modern techniques to Boas’s original 
measurements from his 1911 report in order to reassess his hypothesis that environment 
had a large influence on changes in cranial morphology.  Gravlee et al. (2003a) used 
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analysis of covariance (ANCOVA) to model the effects of age, sex, birthplace, and 
immigrant group on the cephalic index for 7602 cases.  This included all second 
generation immigrants aged 25 and under with complete data.  The results of the 
ANCOVA show that there are large differences between cranial morphology of 
American-born and European-born children when the cephalic index is adjusted for age 
and sex by birthplace (Gravlee et al., 2003a).   
They also used least-squares regression analysis to test the effect of long term 
exposure to an environment on the cephalic index.  Gravlee et al. (2003a) used parent-
offspring correlations and regression coefficients to test Boas’ conclusion that the 
differences in head form between U.S.-born children and their parents are greater than 
those between foreign-born children and their parents.  Following one of Boas’s tests, 
Gravlee et al. (2003a) tested for the influence of the environment increasing with time 
since the year of immigration into the U.S., which showed little support for great 
environmental influences, except for Bohemian and Hebrew samples for children of 
immigrants.  The least squares regression analysis also showed no association between 
the cephalic index and the amount of time elapsed in an American environment.  Gravlee 
et al. (2003a) concluded that Boas was correct and that the environment was the major 
influence on the change in cephalic index between foreign-born and US-born children.    
As a follow up to their original article, Gravlee et al. (2003b) published a short 
report comparing their results with Sparks and Jantz (2002) where they state agreement 
with Boas’s conclusions regarding plasticity in cranial morphology, and disagree with 
Sparks and Jantz’s (2002) conclusions contradicting Boas.  This controversy, however, 
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means that Boas was right to make his data accessible to other researchers, and hopefully 
this debate will encourage other researchers to reexamine Boas’s data.  
For many years, the cranial index was used to classify individuals by where they 
were originated.  Holloway (2002) felt that this was finally changing when Sparks and 
Jantz (2002) took Boas’s (1911) data and reanalyzed it, coming to the conclusion that the 
cranium is not as plastic as Boas claimed.   It is important, however, that studies using 
Boas’s data be very clear and thorough, and Holloway (2002) found many studies, 
including the study by Sparks and Jantz, to be lacking in thorough descriptions of the 
statistical analyses.  There were many questions that Holloway (2002) felt were not 
answered in Sparks and Jantz’s (2002) analysis such as: how did Sparks and Jantz choose 
which individuals to use; what tests did Boas use; and were Sparks and Jantz’s 
calculations of standard deviations and errors the same as Boas’s.  By asking these 
questions, Holloway (2002) is suggesting that the topic of cranial plasticity is a current 
one that needs to be analyzed further.   
Relethford (2004) compares the studies by Sparks and Jantz (2002) and Gravlee et 
al. (2003a).  Sparks and Jantz (2002) found little evidence for cranial plasticity, and 
Gravlee et al. (2003a) overall agreed with Boas’s findings that migration into a new 
environment caused a change in cranial morphology.  The reason why the tests by Sparks 
and Jantz (2002) and Gravlee et al. (2003a) resulted in different conclusions is because 
they used different measurements and different techniques.  Sparks and Jantz used 
measurements for head length, head breadth, and bizygomatic breadth, as well as the 
cephalic index, while Gravlee and coworkers only used the cephalic index.  Relethford 
(2004) believes there is plasticity in cranial morphology, but considers it a relatively 
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small component that does not overshadow the genetic relationships between 
populations. 
Plastic responses in cranial morphology can be the result of movement into a new 
environment, especially if the move occurs during the developmental stages of childhood.  
According to Gonzalez-Jose et al. (2005), environmental factors do account for much of 
the phenotypic variation seen in cranial morphology, but there are not very many 
estimates on just how much of an affect the environment has.  There have been other 
studies showing that the main environmental forces affecting cranial morphology are 
altitude, climate, and mechanical forces (Gonzalez-Jose et al., 2005).   
Carson (2006) made comparisons between heritabilities of craniometric 
measurements and anthropometric measurements.  Her purpose was to help answer the 
question of whether or not anthropometric heritabilities could really be used in place of 
heritabilities calculated on skeletal samples.  Using 298 decorated skulls from Hallstatt, 
central Austria, with known pedigrees, Carson (2006) took 33 cranial measurements and 
estimated the narrow-sense heritability of each using the maximum likelihood (ML) 
variance components method.  Narrow-sense heritabilities range from 0.0-1.0, and can 
only be calculated on well-documented pedigrees.  Heritability partitions variation in 
phenotypes into environmental and genotypic components, and the genotypic 
components were then separated into genetic additive, dominance, and interaction 
variances (Carson, 2006).  Some researchers believe that the environment does not affect 
familial resemblance, but others have developed techniques to “account for individual 
and familial environmental and cultural variation within heritability” (Carson, 2006, p. 
2).   
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Maximum likelihood is very useful for analyzing anthropological data because it 
does not require balanced group sizes (Carson, 2006).  Researchers question whether or 
not heritabilities calculated with anthropometric measurements are very reliable, and they 
also question whether these heritabilities, which are from different populations, are 
similar enough to each other to analyze patterns of craniofacial variation from all over the 
world (Carson, 2006).  In order to get an accurate measurement on soft-tissue, it has been 
recommended that 80% of the soft-tissue depth must be eliminated.  While this may not 
even be enough to get accurate measurements of the underlying bone structure, it would 
be unacceptable to use that much compression on a living human for anthropometric 
studies (Carson, 2006).  This study has also revealed that when all 33 craniometric 
dimensions are analyzed, length of the cranium appears to be more heritable than breadth.  
When this is looked at in combination with anthropometric studies, it is clear to Carson 
(2006) that environmental factors have a great influence on the high degree of phenotypic 
variation seen in both soft-tissue and hard-tissue.    
 While it is clear that immigrant groups have physically changed after some time 
spent in a new environment, it is still not clear why some groups respond differently than 
others.  During Boas’s time, it was thought that each “racial group” was morphologically 
different and would remain that way no matter where they lived.  Now that studies have 
shown that human morphology is not always stable, it is important to explore these 
populations individually to see how each group responds differently.  Researchers have 
noticed that the Hebrew population changed much more than other immigrant groups, but 
they have not studied that group alone to determine why.   
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CHAPTER IV 
MATERIALS AND METHODS 
In this study, Boas’s Hebrew sample will be further evaluated in order to see how 
much of a change there really was between foreign-born and US-born individuals and 
why this change occurred.  For the analysis, data collected by Franz Boas and his 
observers for his 1911 report for the United States Immigration Commission were used.  
While these data include 17,821 individuals from Bohemian, Slovak and Hungarian, 
Polish, Hebrew, Sicilian, Neapolitan, Italian, and Scotch immigrant groups, the Hebrew 
data consist of 4,105 males and 1,888 females with individuals of all ages, both foreign-
born and US-born.  Out of these individuals, 800 foreign-born children between the ages 
of four and eighteen and 1076 US-born children between the ages of four and eighteen 
were employed.  Table 1 provides an overview of the sample distribution between the 
two groups and across the age range.  Children under the age of four were not used 
because there were not enough foreign-born individuals for analysis.  Adults older than 
the age of eighteen were not used because there were not enough US-born individuals for 
analysis.  The Hebrew immigrants that were analyzed were immigrants mainly from 
Russia, Austria, Romania, Galicia, Poland, and Lithuania with some individuals from 
Western Europe.   
Boas took the following measurements for all Hebrew immigrants: length of the 
head, width of the head, and bizygomatic width.  Table 2 provides the definitions for 
these measurements used by Boas.  From these measurements Boas calculated cephalic 
index and facial index.  The cephalic index is calculated by dividing the width of the head 
by the length of the head.  The facial index is calculated by dividing the length of the face 
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Table 1. Number of individuals used in analysis. 
Age 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total 
Foreign-
born 
10 34 30 41 62 64 70 70 74 68 60 45 49 61 62 800 
Male 6 20 19 21 27 34 35 43 44 34 30 29 19 15 18 394 
Female 4 14 11 20 35 30 35 27 30 34 30 16 30 46 44 406 
US-born 61 91 86 99 107 87 118 77 93 67 67 50 31 27 15 1076 
Male  26 51 33 51 63 55 66 44 46 42 34 25 14 12 6 568 
Female 35 40 53 48 44 32 52 33 47 25 33 25 17 15 9 508 
Total 71 125 116 140 169 151 188 147 167 135 127 95 80 88 77 1876 
 
Table 2. Definitions of Boas’s measurements. 
Measurements Descriptions 
Head Length From the forehead to the back of the head. 
Head Width The transversal diameter of the head. 
Bizygomatic Width (Face Width) Measured between the zygomatic arches. 
Stature Measured without shoes. 
Cephalic Index Width of head divided by length of head. 
Facial Index Length of face divided by width of face. 
 
by the width of the face.  Boas also recorded stature, weight, and general physiological 
development, as well as the color of hair, eyes, and skin, but in this analysis only the 
measurements of the face and head, stature, cephalic index, and facial index were used.   
Boas and his observers went to elementary schools mainly in the Lower East Side 
in New York City to collect data, but they also collected some data in a neighborhood on 
Fifth Avenue in Harlem (Boas, 1911).  Three observers were sent to each school, where 
they measured the children with a three piece wooden centimeter height measure with a 
moveable cross-arm and a pair of steel calipers with a dulled point.  They recorded these 
measurements, as well as name, age, place of birth, and year of immigration on a blank 
chart, where they were also able to record information about the parents (Figure 1).  With 
information collected on the parents, Boas and his observers were able to go to each 
house, where they collected the same information from the parents and grandparents of 
the students.  Stature measurements for children in schools were taken without shoes on,  
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Figure 1. Chart used by Boas and his observers to collect data on immigrants living 
in New York City (Boas, 1911, p. 81). 
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but were taken with shoes on for individuals in homes (Boas, 1911).  Nevertheless, since 
the data used in this research is only from the children observed in schools, this is not an 
issue.   
Boas published his handwritten raw data in 1928 so that other researchers could 
use it in further analysis.  The formatted data were downloaded from Gravlee’s personal 
website (http://lance.qualquant.net/) and imported into SPSS 14.0 for Windows.  Prior to 
any analysis, all measurements were standardized with z-scores in order to pool males 
and females.   
An independent samples t-test was performed for each age group to test the null 
hypothesis that the means of the two populations (foreign-born children and US-born 
children) are equal.  All measurements (length of the head, width of the head, width of 
the face, stature, cephalic index, and facial index) were included in this analysis.  Once an 
age group was selected (i.e. four-year-olds), means were compared using an independent 
samples t-test.  Length of head, width of head, bizygomatic width, stature, cephalic index, 
and facial index were selected as independent variables and age was selected as the 
dependent variable.  Once the analysis was complete, any variable with a significance 
value less than 0.05 indicated a significant difference between group means as long as the 
Levene’s test was not significant.    
An analysis of covariance (ANCOVA) was used to test the null hypothesis that 
the means of each variable for the two groups are equal by reducing the effect of age on 
each group.  Head length, head width, bizygomatic width, stature, cephalic index, and 
facial index were analyzed one at a time by selecting each measurement as a dependent 
variable.  Place of birth was selected as the fixed factor, and age was selected as the 
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covariate.  If the significance values for the covariate (i.e. age) were less than 0.05 then 
there was a significant difference between foreign-born and US-born individuals for that 
variable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 48 
 
CHAPTER V 
RESULTS 
Independent Samples T-test 
For the four-year-old group, there were 10 foreign-born and 61 US-born 
individuals analyzed.  The independent samples t-tests resulted in head width having a 
significant difference with a significance value of 0.048 (Table 3).  Because the Levene’s 
test was significant for head length, the significance value of 0.023 for head length is not 
used.  Therefore, none of the other variables resulted in a significant difference between 
the foreign-born and US-born children for the four-year-old group.   
The five-year-old group consisted of 34 foreign-born and 91 US-born individuals.  
The results of the independent samples t-tests resulted in head width and cephalic index 
having the most difference between foreign-born and US-born children with significance 
values of 0.055 and 0.009 respectively (Table 4).  The six-year-old group consisted of 30 
foreign-born and 86 US-born individuals.  The independent samples t-tests resulted in 
head width and cephalic index having the greatest difference between groups with 
significance values of 0.007 and 0.028 (Table 5). 
The seven-year-old group consisted of 41 foreign-born and 99 US-born 
individuals.  The independent samples t-tests resulted in cephalic index being different 
between foreign-born and US-born children with a significance value of 0.007 (Table 6). 
The group of eight-year-olds consisted of 62 foreign-born and 107 US-born individuals.  
For this age group, the independent samples t-tests resulted in head length and cephalic 
index having significant differences with significance values of 0.020 and 0.001, 
respectively (Table 7). 
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Table 3. Independent samples t-tests for foreign-born and US-born four-year-olds. 
  
Table 4. Independent samples t-tests for foreign-born and US-born five-year-olds. 
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Table 5. Independent samples t-tests for foreign-born and US-born six-year-olds. 
 
 
 
Table 6. Independent sample t-tests for foreign-born and US-born seven-year-olds. 
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Table 7. Independent samples t-tests for foreign-born and US-born eight-year-olds. 
 
There were 64 foreign-born and 87 US-born nine-year-olds analyzed.  The 
independent samples t-tests resulted in head width, cephalic index, and facial index 
having the most significant differences between foreign-born and US-born children with 
significance values of 0.045, 0.000, and 0.021 respectively (Table 8).  In the ten-year-old 
group, there were 70 foreign-born and 118 US-born individuals.  The independent 
samples t-tests indicated that the means for head length are significantly different 
between foreign-born and US-born children with a significance level of 0.012 (Table 9).  
Cephalic index is also different between the two groups with a significance level of 
0.002.  The group of eleven-year-olds consisted of 70 foreign-born and 77 US-born 
individuals.  The independent samples t-tests show that in cephalic index and facial index 
are significantly different between groups with significance values of 0.001 and 0.022, 
respectively (Table 10). 
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Table 8. Independent samples t-test for foreign-born and US-born nine-year-olds. 
 
 
  
Table 9. Independent samples t-tests for foreign-born and US-born ten-year-olds. 
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Table 10. Independent samples t-tests for foreign-born and US-born eleven-year-
olds. 
 
The twelve-year-old group consisted of 74 foreign-born and 93 US-born 
individuals.  The independent samples t-tests resulted in head width having a significant 
difference between groups with a significance value of 0.000 (Table 11).  The difference 
in means for cephalic index and facial index were also significant with significance 
values of 0.000 and 0.004 respectively.  The thirteen-year-old group consisted of 68 
foreign-born and 67 US-born individuals.  The independent samples t-tests resulted in 
head length, with a significance value of 0.002, and cephalic index, with a significance 
value of 0.000, having different means between foreign-born and US-born children 
(Table 12). 
The fourteen-year-old group consisted of 60 foreign-born and 67 US-born 
individuals.  The independent samples t-tests shows that head width and cephalic index 
are significantly different between foreign-born and US-born individuals with 
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Table 11. Independent samples t-tests for foreign-born and US-born twelve-year-
olds. 
 
   
 
Table 12. Independent samples t-tests for foreign-born and US-born thirteen-year-
olds. 
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significance values of 0.002 and 0.003, respectively (Table 13).  The fifteen-year-old  
group consisted of 45 foreign-born and 50 US-born individuals.  The independent 
samples t-tests indicates that head width, with a significance value of 0.014, and cephalic 
index, with a significance value of 0.000, have significantly different means between 
foreign-born and US-born children (Table 14).   
The sixteen-year-old group consisted of 49 foreign-born and 31 US-born 
individuals.  The independent samples t-tests show that bizygomatic width and facial 
index are the only significantly different variables with significance values of 0.012 and 
0.006, respectively (Table 15).  The seventeen-year-old group consisted of 61 foreign-
born and 27 US-born individuals.  The independent samples t-tests resulted in head 
length, with a significance value of 0.002, and cephalic index, with a significance value 
of 0.000, being different between foreign-born and US-born children (Table 16).  The  
 
Table 13. Independent samples t-tests for foreign-born and US-born fourteen-year-
olds.  
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Table 14. Independent samples t-tests for foreign-born and US-born fifteen-year-
olds.  
 
 
Table 15. Independent samples t-tests for foreign-born and US-born sixteen-year-
olds. 
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Table 16. Independent samples t-tests for foreign-born and US-born seventeen-year-
olds. 
 
 
group of eighteen-year-olds consisted of 63 foreign-born and 15 US-born individuals.  
For this group, none of the variables showed a significant difference between foreign-
born and US-born children for the independent samples t-test (Table 17). 
 
 
Analysis of Covariance 
 The analysis of covariance for head length resulted in the covariate (age) having a 
significance level of 0.000, indicating that head length is dependant on age (Table 18).  
After removing the effect of this relationship, mean head lengths are clearly different 
between foreign-born and US-born individuals as indicated by the p value of 0.000 
(Figure 2).  From the age of five until about sixteen, head length increased considerably 
for both groups, but the head length measurements for the US-born individuals were 
consistently greater than head length measurements for foreign-born individuals. 
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Table 17. Independent samples t-tests for foreign-born and US-born eighteen-year-
olds. 
 
 
 
 
Table 18. Analysis of covariance for head length. 
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Figure 2. Plot of mean head length for all age groups.  Head length is measured in 
millimeters. 
 
The analysis of covariance for head width resulted in age having a significance 
value of 0.000, indicating that head width is dependent on age (Table 19).  After 
removing the effect of this relationship, mean head widths for foreign-born and US-born 
individuals are clearly different between the two groups as indicated by the p value of 
0.000 (Figure 3).  Around the age of ten, head width measurements for foreign-born 
individuals decreased and then increased through adolescence.  The head width 
measurements for US-born individuals decreased a few years later than the foreign-born 
individuals, but then increased during adolescence.  Head width measurements for US-
born individuals were consistently smaller than those for foreign-born individuals. 
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Table 19. Analysis of covariance for head width.  
 
 
  
 
Figure 3. Plot of mean head width for all age groups.  Head width is measured in 
millimeters. 
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The analysis of covariance for bizygomatic width resulted in age having a 
significance value of 0.000, indicating that bizygomatic width is dependant on age (Table 
20).  After removing the effect of this relationship, means for bizygomatic width are 
clearly different between foreign-born and US-born children as indicated by the p value 
of 0.000.  The youngest and oldest ages show a difference, but means dimensions for 
individuals between nine and eleven are very similar (Figure 4).  Before the age of nine, 
the face width of the US-born individuals was narrower than the face width of the 
foreign-born individuals, but between the ages of nine and eleven the face width for both 
groups was very close.  During adolescence, the face widths of the US-born individuals 
are narrower than the foreign-born, and stay narrower.    
The analysis of covariance for stature resulted in age having a significance value 
of 0.000, indicating that stature is dependent on age (Table 21).  After removing the 
effect of this relationship, mean stature measurements are clearly different between 
foreign-born and US-born individuals as indicated by the p value of 0.000.  Stature means 
do not appear to be different across the age span (Figure 5).  Overall, the stature of the 
US-born individuals was greater than the stature of the foreign-born individuals, but 
between 12 and 13 years of age they became the same.  After this period, the stature of 
the foreign-born individuals increased slightly while the stature of the US-born 
individuals experienced a greater increase.  The adult height of the US-born individuals 
was greater than the adult height of the foreign-born individuals.  
The analysis of covariance for cephalic index resulted in age having a significance 
value of 0.000, indicating that cephalic index is dependent on age (Table 22).  After 
removing the effect of this relationship, mean cephalic indexes are clearly different  
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Table 20. Analysis of covariance for bizygomatic width. 
 
 
 
 
 
 
Figure 4. Plot of mean bizygomatic width for all age groups.  Bizygomatic width is 
measured in millimeters. 
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Table 21. Analysis of covariance for stature. 
 
 
 
 
Figure 5. Plot of mean stature for all age groups.  Stature is measured in 
centimeters. 
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Table 22. Analysis of covariance for cephalic index. 
 
 
 
 
 
Figure 6. Plot of mean cephalic index for all age groups.   
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between foreign-born and US-born individuals as indicated by the p value of 0.000.  A 
comparison of means for cephalic index shows a very large difference between foreign-
born and US-born individuals (Figure 6).  Overall, there was a decrease in cephalic index 
for both groups, although the cephalic index of the US-born individuals was almost 
always much lower than that of the foreign-born individuals.  There was also a greater 
fluctuation in the means of the foreign-born individuals, especially towards puberty and 
adulthood.  The overall decrease in cephalic index reflects the increase in head length and 
decrease in head width for both groups.   
The analysis of covariance for facial index resulted in age having a significance 
value of 0.000, indicating that facial index is dependent on age (Table 23).  After 
removing the effect of this relationship, mean facial indexes are clearly different between 
foreign-born and US-born individuals as indicated by the p value of 0.000.  A comparison 
of the means for facial index showed that there was considerable fluctuation in this 
dimension for both groups (Figure 7).  Up until the age of five both groups had the same 
facial index, but after the age of five the foreign-born facial index decreased.  This 
pattern continued all the way to adulthood, with the foreign-born facial index decreasing 
just before adolescence and again at adolescence.  For most of the age range, the facial 
index of the US-born individuals was greater than the facial index of the foreign-born 
individuals.  The facial index of the foreign-born individuals showed greater fluctuation 
than the US-born individuals. 
 Throughout all of the age categories analyzed with the independent samples t-
tests, the two variables showing the greatest differences between the two groups were 
head length and head width (Table 24).  Head length increased significantly in both the  
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Table 23. Analysis of covariance for facial index. 
 
 
 
Figure 7. Plot of mean facial index for all age groups. 
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Table 24. Summary of independent samples t-tests results. 
Age Variables with significant change between foreign-born and US-born children 
4 Head width 
5 Head width and cephalic index 
6 Head width and cephalic index 
7 Cephalic index 
8 Head length and cephalic index 
9 Head width, cephalic index, and facial index 
10 Head length and cephalic index 
11 Head width and cephalic index 
12 Head width, cephalic index, and facial index 
13 Head length and cephalic index 
14 Head width and cephalic index 
15 Head width and cephalic index 
16 Face width and facial index 
17 Head length and cephalic index 
18 None 
 
foreign-born and US-born individuals as expected with advancing age, nevertheless the 
mean head length of the US-born group was significantly greater than that of the foreign-
born group in the eight-year-old, ten-year-old, thirteen-year-old, and seventeen-year-old 
groups.  Head width increased in both the foreign-born and US-born groups across the 
ages, but head width of the US-born individuals was significantly narrower than the 
foreign-born individuals in the four-year-old, five-year-old, six-year-old, nine-year-old, 
twelve-year-old, fourteen-year-old, and fifteen-year-old groups.  As a result, cephalic 
index decreased in both the foreign-born and US-born groups, but the cephalic index of 
the US-born individuals was significantly lower than the foreign-born individuals in the 
five-year-old, six-year-old, seven-year-old, eight-year-old, nine-year-old, ten-year-old, 
eleven-year-old, twelve-year-old, thirteen-year-old, fourteen-year-old, fifteen-year-old, 
and seventeen-year-old groups.   
Stature increased across the ages for both the foreign-born and US-born 
individuals as expected with advancing age, but there was not a significant difference in 
 68 
 
stature between the foreign-born and US-born groups.  Overall, the US-born individuals 
were slightly taller than the foreign-born individuals.  Through adolescence, the two 
groups had the same stature, but as the groups approach adulthood the US-born 
individuals become taller again.  Face width increased for both groups, but the US-born 
individuals had narrower faces than the foreign-born individuals.  The face widths with a 
significant difference between the US-born individuals and the foreign-born individuals 
were in the sixteen-year-old group.  The facial index increased across the age groups for 
both the foreign-born and US-born individuals, although the US-born group had a higher 
facial index than the foreign-born group.  The age groups with a significant difference 
between foreign-born and US-born individuals were the nine-year-old, eleven-year-old, 
twelve-year-old, and sixteen-year-old groups.   
The analysis of covariance run with age as a covariate resulted in significant p 
values for all variables, including stature.  After controlling for the influence of age, there 
was still a significant difference between the US-born and foreign-born groups for each 
variable, including stature.  This means that there was a morphological change in 
immigrant children with the move into a new environment.    
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CHAPTER VI 
DISCUSSION  
The significant differences in head and face measurements between the US-born 
and foreign-born individuals support my alternate hypothesis that the mean 
measurements of foreign-born and US-born children are not the same.  The results of the 
independent samples t-tests for the differences in stature between US-born and foreign-
born individuals support my null hypothesis that mean measurements for foreign-born 
and US-born children are the same.  The results of the analysis of covariance, however, 
support my alternate hypothesis that the mean stature of foreign-born and US-born 
children is not the same.  This means that with the move into a new environment, head 
and face measurements changed between foreign-born and US-born individuals, as did 
stature.   
Relethford (2004) explored three ways that migration can affect cranial 
morphology through genetic and environmental factors.  The first is developmental 
plasticity caused by movement into a new environment at a young age.  The second is a 
change in the genetics of a population through natural selection.  The third is a change in 
genetics due to gene flow.  The first is clearly possible in this study as head 
measurements changed in Jewish immigrant children as they moved from their European 
environment to an American one.  The second cause is not possible in this case as there 
was not enough time for natural selection to occur.  The third cause is not possible since 
Jewish immigrants did not intermarry with non-Jewish groups at significant rates.  There 
is an issue, however, of Jewish parents moving to America from different Eastern 
European countries and being considered one population.  
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The environment in Europe was not kind to the Jewish population.  Lack of 
money, and thereby lack of food, along with poor sanitation kept individuals in poor 
health.  In some ways, the American environment was an improvement since individuals 
were able to earn money and pay for food, and thereby consume more calories.  Many 
aspects of life in America for Jewish immigrants were not an improvement, however.  
Poor nutrition and sanitation, high levels of disease, and child labor, which can have a 
great affect on stature and morphology in pre-adolescent children, were prevalent in 
crowded cities during the industrial revolution.  Even though Jewish immigrants were 
much cleaner and healthier than other immigrant groups, they were still living in an 
environment filled with hardships.   
The results of the independent samples t-tests and the analysis of covariance 
correspond with Boas’s (1911) analysis that American-born children had narrower heads 
and faces.  Boas also saw an increase in stature in the American-born children, and this 
corresponds with the significant change in stature seen in the results of the analysis of 
covariance.  Comparing the children to their parents, Boas’s results showed a greater 
difference between children born in the United States and their parents, than between 
European-born children and their parents (Boas, 1911).  This means that the US-born 
children were morphologically different from both foreign-born children and foreign-
born adults.  Although adults were not tested in this analysis, the results still correspond 
with Boas’s in that foreign-born and US-born children are morphologically different.   
Sparks and Jantz (2002) also saw an increase in cranial length, decrease in cranial 
width, and a decrease in cephalic index among the Hebrew population, but came to 
different conclusions as to the extent of cranial plasticity seen by Boas (1911).  They 
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concluded that more than 50% of the variation seen in the US-born children was due to 
heredity.  While the results of their analysis are similar to those of independent samples t-
test and the analysis of covariance, the conclusion of Sparks and Jantz (2002) differs in 
that this analysis saw a change in morphology due to a change in environment.   
Gravlee et al. (2003a) also found a significant decrease in the cephalic index 
between foreign-born and US-born children within the Hebrew sample.  They also came 
to the same conclusions as Boas, stating that the differences between the US-born and 
foreign-born individuals were caused mostly by the environment (Gravlee et al., 2003a).  
The results of the independent samples t-tests, analysis of covariance, and conclusions of 
this analysis follow those of Gravlee and associates. 
 This analysis was important for narrowing the focus of environmental influences 
on morphology to one population that was influenced more than others, but it is not an 
end to this long debated topic.  While I have uncovered many ways in which stature and 
skeletal morphology can be influenced by the environment, it is not conclusive what is 
creating marked differences in the cranium while stature is only minimally different.  
Analyses such as this and that of Boas, Sparks and Jantz, and Gravlee et al. among others 
are important in that they can hopefully convince individuals that while our physical 
characteristics are defined by genetics, they can also be defined by the environment we 
live in.  
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CHAPTER VII 
CONCLUSION 
The study of cranial and other morphological changes that might be due to the 
environment began as a way to end racial typologies in the early 20th century by Franz 
Boas (1911), but it has continued to be studied by anthropologists to this day.  It has 
turned into a new debate on how much influence the environment has on cranial 
morphology and stature among immigrant populations.  Researchers, such as Boas 
(1911), Sparks and Jantz (2002) and Gravlee et al. (2003a), using Boas’s (1911) 
immigrant data found a significant morphological difference between foreign-born and 
US-born immigrant children, with the greatest difference being in the Hebrew population.   
Narrowing the focus of this study to the Hebrew immigrant population alone 
created better insight to why and how this group changed so much more than other 
immigrant groups.  Through independent samples t-tests and analysis of covariance, the 
mean measurements for head length, head width, face width, cephalic index, facial index, 
and stature were compared between the foreign-born and US-born children.  Head length 
became significantly longer and head width became significantly narrower, causing a 
decrease in cephalic index between the foreign-born and US-born children.  Face width 
also became narrower in the US-born children, causing an increase in facial index 
between foreign-born and US-born children.   Stature was significantly taller in US-born 
children then foreign-born children in the results of the analysis of covariance.   
Jewish populations living in Eastern Europe in the late 1800s and early 1900s 
lived in small Jewish villages that were crowded and rundown.  Jobs were unavailable to 
Jews and food was scarce.  Pogroms in Russia and surrounding countries killed many 
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Jews and forced others to flee to other countries.  America held more opportunities for 
Jewish immigrants, with textile factories needing labor.  Having jobs meant having food, 
but living conditions were not much improved from Europe.  Housing was crowded, 
sanitation was poor, and diseases were rampant.  This slight improvement in the 
environment matches the increase in stature, and was enough to cause the change in 
cranial morphology.  Jewish immigrants did not generally marry into other populations, 
but the Jewish immigrants in New York were from several different countries, perhaps 
contributing to the greater differences between US-born and foreign-born children seen in 
the Hebrew sample compared to other immigrant groups.   
While this would be a difficult study for many populations today due to the 
increase in gene flow, it would be interesting to see how other populations have changed 
with migration into a new environment.  Boas’s (1911) immigrant data has been, and still 
is, important to anthropologists and more of the immigrant groups should be isolated for 
further analysis.   
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